Historically, the use of computers in medical education has been limited to supporting the work of traditional classroom learning through tasks such as word processing, displaying slides, and recording grades. With the advent of worldwide networks of computers (The World Wide Web) and the more recent emergence of web 2.0 and streaming media technology, medical educators today have important new tools that could transform modes of traditional medical education.
Residency Training (START) program implemented at Stanford will illustrate the potential of Web 2.0 technology to advance graduate medical education. ' 
LMS

What is an LMS?
An LMS can be thought of as a four classroom that stays open 24 hours a day and seven days a week ( Fig. 1; Panel A ). An LMS may be broadly defined as a software application that automates the administration, tracking, and reporting of training events. 1 The most basic form of LMS simply serves as a storage space for course materials into which students must log in to obtain access. More advanced LMS products offer additional features, including test and quiz options, audio or video Figure 1 . Panel A, Diagram of learning management system (LMS). The learning management system functions as a virtual classroom enabling interactions between students and the classroom (1), student-student peer interactions (2), student-teacher interactions (3) and teacher-teacher interactions (4) . The LMS provides core services that support the four key principles of onlinelearning best practices: presentation of learning objects, facilitating interactions, collaborative learning, and providing prompt feedback. Panel B, Schematic of lecture capture (LC) system. A typical lecture capture system utilizes a personal computer with audio (and/or video) recording capabilities and special software to record a lecture presentation to a hard drive. The data is then transmitted via the internet to a cloud computing application (e.g. Panopto CourseCast) where the data is transcoded to various proprietary and open platform media formats and provided to students as Podcasts, video files, audio files, and/or integrated as a learning object into an LMS. materials, interactive forums, advanced search capabilities, and grade books. The instructor may grant access to specific aspects of the course to students or to other instructors. Students may be divided into groups to work competitively or collaboratively. Materials or activities may be preprogrammed and hidden until they are ready to be used. To reach its full potential, an LMS should facilitate more effective and efficient dissemination of material and receipt of feedback, thereby optimizing the learning process. [2] [3] [4] In graduate medical education specifically, LMS's can help the program director to achieve the Accreditation Council for Graduate Medical Education (ACGME)'s goal of providing documentation for students' learning progress in various stated objectives. 5 
Advantages of LMS
Allows Students to Time Shift and Place Shift While traditional classroom styles of learning require students to meet in the same geographic location at the same time of day for a specified period of time, an LMS is a virtual classroom allowing students to access information and participate in a structured, comprehensive curriculum while time shifting or place shifting. Time shifting is the recording of programming to a storage medium so that it can be viewed or listened to at a time more convenient to the consumer. The phrase time shifting was originally coined in the context of television programming. 6 Place shifting is watching or listening to live, recorded, or stored media on a remote device through the internet or over a data network. 7 Curricula implemented through an LMS can use one or both of these concepts.
Thus, LMS's have created a more convenient way of learning, overcoming the physical and temporal barriers associated with traditional classroom learning. While maintaining the ability to track students' progress and facilitate interaction among faculty and residents, LMS's grant students independence and flexibility. These characteristics are particularly advantageous in medical residency programs because residents often work odd and long hours while needing to adhere to the ACGME's 80-hour workweek cap, as well as being scattered across multiple hospital environments and facilities. 8 For instance, a resident who misses a meeting of journal club could still locate the relevant journal article online, participate in virtual discussion with his peers through forums and chat rooms, and receive instantaneous feedback from instructors. course, information may be categorized by module or topic. This organization allows students to quickly and easily locate and review material from previous modules to create a strong foundation on which to build new knowledge. For example, before beginning the second module in a lesson about induction agents, students could review previous lessons about induction agents, re-watch previous lectures, and retake previous quizzes to test their retention of knowledge. Thus, an LMS naturally lends itself to the development of a ''spiral curriculum,'' in which topics are revisited in greater depth and complexity over time. ''Spiral curriculums'' have been shown to be effective in medical education. 9 Allows Material to be Easily Archived and Searched LMS's allow material to be easily archived for later usage. Search functions allow students to sort materials by date or relevance. A well-implemented LMS, like a teaching assistant who has been teaching a course for many years and has a flawless understanding of the subject, helps students to locate the requested material at a moment's notice. Again, reviewing previous materials as needed will help the student to develop a better understanding of the topics at hand.
Allows Educators to Maximize Their Efforts (Scalability)
The traditional style of teaching, which require one to manually design curricula, collect course materials, prepare and present lectures, and prepare and grade tests and quizzes, is very time and resource-intensive process. An LMS can enhance efficiency by allowing instructors to reuse course materials, reassign quiz questions to different tests, and easily share course content with colleagues.
Long-term Investment may have Significant Returns Even though LMS's require initial outlay, the long-term efficacy returns from such an investment can be significant. LMS can avoid expenses arising from printing materials, reserving classrooms, or paying instructors to give lectures and hold office hours. In addition, lunchtime lectures can be replaced with a supplementary online curriculum. 10 Allows for Monitoring of Student Effort and Progress An LMS may be used to measure the efficacy of an institution's instruction as well as overall student performance and satisfaction. As grading quizzes and tracking student progress is instantaneous, administrators may revise the curriculum at any time as needed to enhance learning. Feedback from the students takes on new importance. Finally, LMS's may provide a viable solution to the ACGME's requirement that residency programs be able to quantitatively assess and demonstrate student learning in each of its stated six core competencies and to document residents' participation in annual required substance abuse and fatigue tutorials. 5 
Disadvantages of LMS
Installation may Require Technical Expertise and Additional Expense Although vendors market LMS's as user-friendly, LMS technology may in fact be challenging for a layperson to implement and maintain. Depending on the size and nature of the course, implementation and maintenance of an LMS may prove expensive. Institutions seeking to implement an LMS must have access to a technology department with LMS experience or a person with time to dedicate to setting up the system, creating usernames and passwords for students, and importing material. Of course, one can transfer the burden of installation and maintenance to an outside party for a fee. Some LMS products are simple to use and require minimal or no outside support (Table 1 ). For example, over 200 universities currently use Sakai, which has many different options for support. Some choose to garner support from the community through shared forums, whereas others choose to work with commercial enterprises that provide Sakai services (http://sakaiproject.org). Longsight's Sakai as a Service provides a fully hosted solution for Sakai users for a baseline cost of $12,500 per year for installation, branding, hosting, and comprehensive support. Additional costs depend on the scale of use (www.longsight.com).
Students may Initially Require Assistance Although LMS products aspire to simplicity, students sometimes encounter problems when using the technology. For example, students may experience difficulty locating course activities or materials, may be confused by the concept of online forums, or may require support from administrators to understand how to appropriately use the LMS to suit their educational needs. 11 An initial tutorial may prove effective to address this obstacle.
Students and Staff may Resist Implementation LMS implementation is sometimes met with resistance from students and staff. Students may feel that an LMS is too cumbersome and wastes their time. 12 Students may also be unenthusiastic about interacting with their peers and instructors in an online environment. Instructors may feel that an LMS increases their workload, at least initially. Both students and instructors may be attached to traditional styles of learning and teaching and feel that an LMS depersonalizes the learning process. 
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LMS Products
Commercially available LMS's can be divided into three categories: commercial enterprise-wide LMS, open source enterprise-wide LMS, and educator-centric LMS (Table 1) . 12 Commercial Enterprise-wide LMS A commercial enterprise-wide LMS is one solution for an entire university, corporation, or other institution. This usually means that the system encompasses features that will accommodate the needs of all and different types of users in a large organization (Table 2 ). In 1995, WebCT pioneered the start of commercial enterprise-wide LMS software development and became one of the dominant LMS solutions. The ability to track and facilitate the delivery of course content was revolutionary. Since then, numerous other companies have developed competing products. However, the complexity of the software and the costs of maintaining such an enterprise-wide system, because of the requisite high-end nature of the computer servers, may not correctly meet the needs of education providers, who may prefer less expensive, more customized LMS alternatives (Table 2) .
Open Source Enterprise-wide LMS Open source is a development practice that allows open access to a product's source materials or code. It promotes collaboration among various companies during development of a software product, which is ultimately free to the public.
14 An open source enterprise-wide LMS is a customizable enterprise-wide solution to online learning, released under open source licenses. The LMS can be tailored to the needs of the specific sector in which it is used, so that the entire LMS does not need to be used by all users at all times. Sakai is probably the most familiar example of an open-source enterprise-wide LMS. Created through collaboration between the University of Michigan, Stanford, Indiana University and the Massachusetts Institute of Technology, the Sakai Project refers to its product as ''community source'' because many of its developers are from institutions that actually use Sakai. 15 Sakai is referred to as Coursework at Stanford University. dotLRN is a similar service that was developed at MIT (dotlrn.org). These LMS's usually cost nothing for the department to license, although they may require the institution to pay a yearly subscription fee (sakaiproject.org). Although they are usually more modifiable than commercial enterprise-wide options, these systems still require sophisticated computer servers and specialist technicians.
Educator-centric LMS's An educator-centric LMS is either a commercial or open source system that is customized by educators to Extensibility
Prices shown represent those for the minimum possible package, that is, minimal number of students, courses, storage space, and installation costs.
If free, the only costs that will be incurred are hardware and the time needed to set up and configure the software. *The representatives did not respond to an invitation to verify this information. wExtensibility: ability to accommodate third-party plug-ins.
zCost:
extremely variable-dependent on the number of learners, the number of courses, length of time the learning management systems is used for, the type of installation (local or hosted), inclusion of licensing fees, and maintenance fees (http://brandon-hall.com). } Can be achieved with a plug-in or separate installation.
X indicates that a feature is offered by a particular provider.
fit the needs of their own courses. These systems are not only used for classrooms, but also for continued online education, with the intent that instructors can amass content and create one great source of information stored on an LMS. Educator-centric LMS solutions combine multiple online software technologies-they offer integration of academic content, testing, and collaborative software like blogs and discussion forums. One of the primary benefits of educator-centric LMS solutions is that they do not need complex computer servers or technical personnel; a computer-educated person with a standard computer can single-handedly manage the educator-centric LMS. An IT department will still be necessary to initially install and maintain the software, although ongoing maintenance is minimal for these types of applications. In addition, members of ''learning communities,'' groups of people with shared educational interests, are able to interact easily by implementation into educator-centric LMS solutions.
'
LC Review
What is LC?
LC is a tool by which lectures can be recorded and archived for later or real-time viewing through a variety of media players while still preserving the visual and auditory aspects of the original didactic presentation ( Fig. 1; Panel B) . 16 Traditionally, medical education has used the didactic lecture as a means of disseminating large amounts of accumulated information to students. 17 Ideally, LC technology allows educators to communicate the exact same quantity and quality of information in a digitized form. Studies are needed to determine whether LC results in better retention or higher student satisfaction than traditional classroom talks by the teacher.
The most basic form of LC technology records solely audio information. Other more advanced products capture video, and even more advanced LC technologies capture three-dimensional information. [18] [19] [20] Instructors can create supplementary slides to be shown during the lecture and students can write and share notes on the lecture itself. For example, students could make notes at places in the lecture where they have questions. A peer or administrator could then respond, at the same time point in the lecture, to the question. Finally, LC systems can either focus on recording only the lecturer or they can incorporate and capture activity of the entire class, based on the setup of the audio and/or video systems, depending on what the students and instructors prefer.
If used properly, such technology should minimize confusion and maximize efficiency. Further, LC expands the potential audience. For example, a student in China could watch in real-time a lecture being given in Palo Alto and could even hear the questions and comments from the audience and pose his own questions for the class and instructors to respond to. Similarly, a resident may be unable to attend Grand Rounds while on an ''away rotation'' at an affiliated off-site hospital. LC would allow this resident to watch missed lectures and participate in other educational activities once his schedule permits him to do so. Furthermore, the resident could do this from the comfort of his own home, which by current rules does not count toward the ACGME duty hour restrictions, and would also avoid commuting time. LC breaks down physical and temporal barriers, encourages global communication and cooperation, and maximizes students' learning experience.
Advantages of LC
Allows for Geographical and Temporal Flexibility As with LMS's, one of the primary benefits of LC is its ability to provide a geographical and temporal flexibility that is not possible with traditional classroombased learning. If students miss a lecture, LC allows them to watch it at a convenient time and when they feel they will learn the most. 21 Students can re-watch lectures to clarify or reinforce important information. 21 When watching pre-recorded lectures, students can speed up or slow down the lecture in a way that best suits their learning style. Students can pause lectures to take notes or search the web for additional information. Students can watch the lecture in multiple sittings if they so desire. Students can take breaks. Indeed, the flexibility that LC provides theoretically should improve students' ability to absorb and retain information. 22 Further, as mobile computing technology can now support LC systems, students can now view lectures at any time of day from any location. For example, students can listen to or view lectures on their iPod or iPhone while working out at the gym or while commuting. Access to lectures becomes unlimited with respect to place or time. 21 Allows Lectures to be Archived and Searched Lectures can be easily archived and searched by topic or date. Students have the capability to search for specific slides or annotations within the lecture. The LC technology will enhance residents' ability to act independently to resolve their questions, a key component of adult learning. 23 Archived lectures and the ability to search within lectures can help the students to prepare for an examination, and seem to improve the student's learning and experience. 24 The easy availability of lectures online is intended to improve the student's educational experience by providing flexibility in the way the student learns, allowing specific querying while studying, and reducing stress and anxiety. 25, 26 One survey of 7000 undergraduates showed that students use LC technology primarily to reinforce material, not as a replacement for attending traditional lecture. 27 Therefore, if a student were confused about a particular topic, he could easily search the lecture database for lectures having to do with that topic and re-watch every relevant lecture in an attempt to improve his understanding. The student may replay a single lecture as many times and at whatever speed he desires.
LC Technology can be Easily Implemented and Used Hosted LC technologies, which are fairly easy to install and maintain, do not require technical expertise on the part of the instructor. LC is also easy for the student to use, requiring little or no explanation beforehand.
Meets Students' Desires and Expectations
Multiple studies have demonstrated that medical students and residents appreciate, use, and expect LC in support of their academic curriculum. One survey of 7000 undergraduates found that students prefer courses that offer recorded lectures over those that do not, citing convenience, flexibility, and enhanced learning ability as the primary advantages. 21, 27 Radiology residents in one academic radiology program using LC ranked recorded lectures as ''extremely useful,'' on average, and reported most often viewing lectures to reinforce material. 16 Interestingly, the same study showed that two-thirds of students noted an improvement in lecture quality as a result of the LC program. The exact reason for this perceived improvement merits further investigation.
Disadvantages of LC
Failure of Students to Watch Lectures
The primary concern with the LC paradigm is the risk that students will skip lectures. Lack of attendance at lectures is worrisome to the educational community for several reasons:
It may discourage the formation of a sense of community or cohesiveness within the educational institution. As students cannot ask for and receive instantaneous feedback or engage in a discussion (unless watching in real-time with the appropriate technology), the educational value of the lecture experience may decrease. 26 Administrators worry that students who skip lecture may lack the motivation to watch lectures on their own. Instructors may be concerned that students do not devote their full attention to the lecture while watching it at home, but instead do other activities simultaneously, which could limit the benefit they would receive.
However, in one study of LC in a large academic radiology program, 93% of residents reported that having lectures recorded had no effect on their lecture attendance. 16 Therefore, it seems that the availability of online lectures does not change the lecture-watching behavior of adult learners such as residents, but instead supplements traditional sources of learning.
Resistance from Students and Staff As with an LMS, the implementation of LC may be met with resistance from students and staff. 16 The traditional lecture allows for face-to-face interaction between the student and lecturer and helps to establish the teaching philosophy and the organizational structure. 26, 28 Instructors may worry that this benefit is lost with online lectures. Moreover, LC may disrupt the traditional culture of live lectures, and the development of relationships between students and faculty may be hindered. 29 Other disadvantages noted by faculty members include concerns about proprietary rights to recorded lectures, that preparation time may increase, and that the lecturers' presentation style may be constrained because of physical imitations with recording voice and image. 16 For these reasons and others, it may become more difficult to recruit guest lecturers for filmed lectures. However, in a study in which LC was implemented in an academic radiology program, 88% of faculty reported no increase in time required to prepare for lecture. 16 A subject requiring more research is whether LC systems actually enhance student learning. Students have noted the perceived usefulness of LC, but there have been no studies to show under what conditions an LC program actually enhances learning. 26, 29 The utility of LC within medical resident education may be the easiest to imagine because of the house staff 's disparate schedules and work locations. For example, residents are often forced to miss lectures because of patient-care duties; thus, watching them on their computers at home at a later time seems quite useful. 16, 30 
LC Products
There are a variety of LC systems available on the market; some are free whereas others vary in price (Table 3 ). Different LC systems offer different applications (Table 4) .
Free LC Systems The two most common free LC systems are Panopto CourseCast Core and openEyA. Mainly used for educational lectures, CourseCast Core allows users to see the lecturer and presentation slides simultaneously and to type notes directly onto the recorded lecture. 31 The latter feature could be of use to residents because they could add their own notes to those of the lecturer to serve as reminders to ask questions at specific points during the presentation. As CourseCast Core automatically transcodes to multiple viewing formats (eg, iTunes, personal computer, and iPod), no technical knowledge is required to make lectures readily available in multiple convenient formats. CourseCast Core is free for educational institutions that qualify for Panopto's Socrates Program. Panopto also offers CourseCast Premium, which provides additional features for a fee (Table 4) . Another free system, OpenEyA, can be used to capture any lecture regardless of the type of visual aids used. 32 Although it is simple to use, openEya requires a Ubuntu Linux operating system. Although openEyA may be useful on a small scale, it may not be feasible to implement throughout an entire university or medical center.
Non-free LC Systems Many commercial products available replicate features and functions of free systems, but may offer the advantage of improved technical support. Although free LC systems can meet the needs of a variety of programs, in some cases it makes sense for a program to pay for an LC system to obtain specific features or services. Camtasia Relay allows for lectures to be posted on the web, or in formats compatible for an iPod or Windows Media Video. 33 This allows for portability, which is highly beneficial for medical residents as they can watch and listen wherever they are and however they want. TechSmith's Camtasia Relay provides a comprehensive software that only requires a server. 33 Tegrity Campus, which primarily serves academic institutions, allows students to view lectures at adjustable speeds and allows lecturers to record lectures from any location. 34 Lectures are sorted into a database by the course to allow for easy searching. In general, the LMS's cost will depend on the number of classrooms and students that use it. 34 ' A Case Study: Stanford START To illustrate how LMS/LC technology may be realistically used in a medical education environment, we present a case study of the START program at Stanford University School of Medicine. This 10-month online blended-learning educational and virtual mentorship program was designed by the Anesthesia Informatics and Media Laboratory within the Department of Anesthesia to enhance the preparedness of interns to begin anesthesia residency. Blended learning has been The START program blends e-learning with virtual mentorship and combines different teaching styles (lecture and video-based) and modes of delivery (text, video, and group interaction). To our knowledge, the START program represents the first blended-learning and virtual mentorship program using integrated LMS/LC technology designed for interns in any medical specialty. START runs from September 1 to July 1 of the intern or first postgraduate year after graduation from medical school and is divided into monthly modules, each launched on the first day of each month (Table 5 ). Each module contains three components:
1. A 30-minute video podcast featuring clinical vignettes and minilectures using a Moodle LMS 2. In-depth lectures accompanied by pre-quizzes and post-quizzes using the Panopto LC system 3. An interactive/collaborative assignment, often involving mentorship.
The curriculum was designed based on need assessments conducted through focus groups and surveys of incoming or current residents, in which respondents reported that an online course designed to prepare them for residency would have been beneficial. Therefore, the START curriculum was designed to encourage the acquisition of basic knowledge and skills related to anesthesia. Additional goals were to allow for bonding with classmates and mentors, and to increase confidence and preparedness to begin residency training, while at the same time incorporating each of the six ACGME core competencies.
Implementation of START Website
Two co-directors and one course teaching assistant (TA) run the START program, with administrative support from various faculty and staff members within the department. The program has its own website (start.stanford.edu), which links to an educator-centric LMS, a Moodle website that serves as a centralized location housing links to all of the past and current course resources, quizzes, and surveys (Fig. 2) .
Students have their own login names and passwords. Students can access all course materials, post messages in forums, or view their grades once logged in to the START website. Moodle was selected based on its ease of use and affordability. Although a programmer was not hired to develop the START website, one of the program's co-directors (L.F.C.) has technical expertise and dedicated a significant amount of time to set up the website. The course TA, who had little to no technical skills before her experience with the START program, is responsible for updating the course website with monthly activities. Programming the website with a new monthly module requires about one and one half hours, with developing the quizzes being the most time-intensive aspect. Moodle was introduced during the first video podcast and students were shown a screenshot of how to use their log in names to access the START website. A few of the interns needed to be reminded to log in to the Moodle website and many of them forgot their passwords and needed to have them reset. However, by the second or third module, the interns seemed to be using Moodle with little to no difficulty.
Video Podcasts
A podcast is a series of digital media files (either audio or video) that are released episodically and often downloaded through web syndication. START podcasts are typically half an hour in duration (Fig. 3) . Cyberlink PowerDirector Pro was the video editing software used. Initially, podcasts were filmed informally with a handheld Flip Camera. However, because the sound quality was poor, the camera was upgraded with a wireless microphone system. The interns in START were extremely appreciative of this improvement. One intern noted, ''Great video. I wish I could show that clip to my friends and family. The day in the life video's production value was amazing!'' Feedback from the interns was considered and implemented before the next month's module. START used an online media service to distribute the 
Lectures
LC was integrated into the Moodle LMS using Panopto CourseCast (Fig. 4) . Even faculty with relatively limited technical experience in using LC found it easy to create lectures using CourseCast software. The program automatically uploads the completed lectures to panopto.com. The course TA subsequently inserts a link to the lecture onto the START website. The slides are synchronized with the lecture so that students may process information through both auditory and visual learning. After the first lecture, on the basis of student feedback, PDF files with content from the lecture were included. CourseCast allows course instructors to audit and confirm that the interns are viewing the lectures (Fig. 5) . This information shows how long the interns watch, and/or when they lose interest, allowing lecturers to potentially tailor their lectures specifically to suit students' preferences. Although the podcasts generally contained summaries of important information, the lectures provided interns with more detailed information about one or two specific topics mentioned in the podcasts. 
Quizzes, Activities, and Grade Book
Moodle LMS technology simplifies the process of assessing and documenting learning in the ACGME's six stated core competencies.
In the START program, students take monthly pre-lecture and postlecture quizzes based on content in the lecture to measure gains in anesthesia-related knowledge and understanding of the six core competencies (Fig. 6 ).
Moodle offers: Different types of quizzes and questions (eg, multiple choice and essay). The ability to shuffle the order of questions and answers. Option for students to make single or multiple attempts at the same quiz. Different options for grading (eg, partial credit for specific answer choices). Option for students to view their grades and receive feedback instantaneously. Feedback for specific answer choices or specific grade ranges can be preprogrammed.
Quiz questions are entered into a question bank and then assigned to specific categories and quizzes (Fig. 6) . Entire quizzes or single questions can be reused in multiple courses. Quizzes can be output as Sharable Content Object Reference Model (SCORM) compliant files, which allow quizzes and lessons to be shared with colleagues.
Other types of activities are available:
Students can chat in forums, upload media files, view text or web pages, take surveys, or contribute to wikis. Scores for completed quizzes and activities are automatically entered into a grade book.
Grades for external activities are entered manually by a TA. Instructors can leave comments for the students about each grade received. The grade book allows for easy documentation of students' learning progress (Fig. 7) .
Preliminary Results
Although the START program is currently finishing up its first year, student and faculty responses have been encouraging. The START program has achieved 100% participation every month and residents consistently rank the program's podcasts and activities as extremely useful. Our preliminary results suggest that an online educational program using LMS/LC technology is both enjoyable and useful for incoming anesthesia residents. The START program's success suggests that an integrated LMS/LC system may be implemented by medical educators, but does require a significant degree of technical expertise in initial setup. However, less technically knowledgeable educators may interact with the system as content experts without difficulty once the system has already been established. On account of its flexibility, accessibility, and ease of use, LMS/LC technology provides an ideal learning environment for medical residents who are motivated to supplement their clinical experiences with a comprehensive, structured course designed to enhance their proficiency. In the future, the traditional classroom setting will be augmented, if not replaced, by LMS and LC. ' 
Summary
As residents work disparate schedules at multiple locations and because of workweek hour limits mandated by the ACGME, residents may be unable to attend lectures, seminars, or other activities that would enhance their skills. Further, the ACGME requires that residency programs document resident learning in six stated core competencies and provide proof of completion for various other requirements. LMS/LC is a promising technology to provide a means by which residency programs may overcome these obstacles. More studies are needed to show under what conditions an LMS/LC program actually enhances learning, and which elements are most useful to the new generation of learners comfortable with Web 2.0 technologies.
